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Objective: To assess the prognostic significance of left ventricular 
mass and geometry in initially healthy persons with essential 
hypertension. 

Design: An observational study of a prospectively identified 
cohort. 

Setting: University medical center. 

Patients: Two hundred and eighty patients with essential hyper- 
tension and no pre-existing cardiac disease were evaluated using 
echocardiography between 1976 and 1981. Two hundred and 
fifty-three subjects or their family members (90%) were contacted 
for a follow-up interview an average of 10.2 years after the initial 
echocardiogram was obtained; the survival status of 27 patients lost 
to follow-up was ascertained using National Death Index data. 

Measurements and Main Results: Left ventricular mass exceeded 
125 g/m* in 69 of 253 patients (27%). Cardiovascular events 
occurred in a higher proportion of patients with than without left 
ventricular hypertrophy (26% compared with 12%; P = 0.006). 
Patients with increased ventricular mass were also at higher risk for 
cardiovascular death (14% compared with 0.5%; P < 0.001) and 
all-cause mortality (16% compared with 2%; P = 0,001). Electro- 
cardiographic left ventricular hypertrophy did not predict risk. 
Patients with normal left ventricular geometry had the fewest 
adverse outcomes (no cardiac deaths; morbid events in 11%), and 
those with concentric hypertrophy had the most (death in 21%; 
morbid events in 31%). In a multivariate analysis, only age and left 
ventricular mass—but not gender, blood pressure, or serum cho- 
lesterol level—independently predicted all three outcome measures. 

Conclusions: Echocardiographically determined left ventricular 
mass and geometry stratify risk in patients with essential hyper- 
tension independently of and more strongly than blood pressure or 
other potentially reversible risk factors and may help to stratify the 
need for intensive treatment. 
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+ Dr. Savage died in January 1990. 


Approximately 25% of adults in the United States are 
hypertensive (1). Although hypertension is a potent car- 
diovascular risk factor, antihypertensive treatment has 
reduced morbidity and mortality from cardiovascular 
disease less than would be expected for the degree of 
blood pressure reduction (2-6). These results have led 
investigators to seek better means of stratifying risk 
among hypertensive patients, to direct more effective 
treatment to those at the highest risk, and to minimize 
the costs and side effects of treatment for those at the 
lowest risk. 

The risk for complications in patients with any level 
of blood pressure has long been known to be greater in 
those with left ventricular enlargement detected by elec- 
trocardiography or chest radiography (7-11). Unfortu- 
nately, these techniques are insensitive and identify left 
ventricular hypertrophy in few patients with hyperten- 
sion of average severity (12-16). 

In recent years, echocardiography, a noninvasive 
method of measuring left ventricular size and mass ac- 
curately and at moderate cost (17), has become widely 
available. Previous studies have shown that echocardio- 
graphically detected left ventricular hypertrophy pre- 
dicted cardiovascular complications during 4- to 5-year 
follow-up periods in hypertensive men (18) and in 
healthy members of the general population (19, 20). 
However, whether ventricular mass measurements iden- 
tify longer-term high-risk status in hypertensive women 
as well as men, whether risk stratification can be further 
improved by more complete assessment of left ventric- 
ular geometry, and whether consideration of left ven- 
tricular mass in multivariate analyses affects the inde- 
pendent prognostic value of conventional risk factors 
are all unknown. In our study, a prospectively identified 
cohort of initially healthy hypertensive men and women 
was followed for 10 years. Death and nonfatal morbid 
events were used as endpoints. 


Methods 
Patients 


Study patients were selected prospectively from 412 consec- 
utively seen hypertensive men and women referred for echo- 
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Table 1. Characteristics of Study Patients* 


Characteristic All Patients ___Patients with Left Ventricular Mass Index P Value 
(n = 253) < 125 g/m? = 125 g/m? 
(mn = 184) (n = 69) 

Age, y 47.1 = 12.7 45.9 + 12.7 50.4 + 12.1 0.01 
Men, % 66 62 75 0.04 
Follow-up, y 10.2 = 2.0 10.1 + 2.1 10.7 + 1.5 0.01 
Blood pressure, mm Hg 

Systolic 152 = 21 150 + 19 157 + 24 0.01 

Diastolic S211 94+ 10 98 + 12 0.01 
Duration of hypertension, y 8.3 + 9.3 8.5 + 9.2 8.1290 > 0.2 
White, % 92 95 87 0.13 
Creatinine level, wmol/L 

(mg/dL) 11S = 18 (1.3 + 0.2) 115 + 18 (1.3 + 0.2) 124 + 18 (1.4 + 0.2) > 0.2 
Cholesterol level, mmol/L 

(me/dL) 6.5 + 1.4(251 + 56) 6.5 = 1.5 (250 + 58) 6.5 + 1.4 (253 + 53) > 0.2 
Smokers, % 7 7 16 >0.2 
Medical treatment, % 79 78 83 > 0.2 
Height, cm 172 + 11 722 11 172 + 10 > 0.2 
Weight, kg 77 +16 77 +15 79 +17 > 0.2 


* Data are expressed as mean + SD. 


cardiography as part of research studies at the New York 
Hospital-Cornell Medical Center between 1976 and 1981. The 
376 patients considered for analysis gave a complete history 
and had a physical examination and an evaluation for second- 
ary hypertension before echocardiography was done. The eval- 
uation for secondary hypertension included, but was not lim- 
ited to, plasma renin measurements and 24-hour urine 
collections to measure sodium and aldosterone excretion. 
M-mode echocardiograms of excellent or good quality were 
obtained for 309 patients (82%). Mean systolic and diastolic 
blood pressures were calculated from clinical measurements 
obtained within 30 days of echocardiography. 

Patients with secondary hypertension (7), pre-existing car- 
diac disease (15), or pre-existing medical illnesses that affect 
longevity, such as diabetes (7), were excluded from the anal- 
ysis. After exclusions were made, 280 patients from the orig- 
inal group, 76 of whom were among the group of patients 
reported in our previous shorter-term study (18), were included 
in the analysis. Electrocardiograms obtained at the time of the 
initial evaluation, available for review for 91% of patients, 
were examined for evidence of left ventricular hypertrophy 
using Sokolow-Lyon (21), Cornell (22), and Romhilt-Estes (23) 
(= 4 points) criteria. 


Clinical Follow-up 


Telephone interviews were conducted with patients or their 
immediate family members to determine the incidence of com- 
plications of hypertension. Complications included death (15), 
stroke (11), myocardial infarction (20), new-onset angina (22), 
congestive heart failure (3), coronary revascularization by sur- 
gery (11) or angioplasty (6), and carotid endarterectomy (1). 
Reports of complications were corroborated by patients’ phy- 
— hospital records, and death certificates whenever pos- 
sible. 

Myocardial infarction was diagnosed only when at least two 
of the three standard criteria were met (typical symptoms, 
electrocardiographic changes, and transient elevation of myo- 
cardial enzymes). Stroke was diagnosed on the basis of objec- 
tive persistent neurologic deficits, as documented by a physi- 
cian, Angina was diagnosed when a chest pain syndrome led to 
ischemic cardiac events (12), coronary revascularization (6), or 
an evaluation confirming the clinical diagnosis of angina (3). 
Investigators were blinded to the results of echocardiography 
during interviews with patients and when classifying possible 
morbid events. 


Echocardiograms 


M-mode echocardiograms were obtained with commercially 
available echocardiographs using 13-mm 2.25-MHz transducers 


and following standard procedures for the visualization of the 
left ventricle (24). Echocardiographic tracings were coded and 
interpreted blindly by two investigators who had no knowledge 
of the identity or clinical characteristics of patients. The inter- 
ventricular septum, left ventricular internal dimension, and 
posterior wall thickness were measured at end-diastole accord- 
ing to the recommendations of the American Society of Echo- 
cardiography and the Penn convention. Measurements made 
according to the Penn convention recommendations were used 
to calculate left ventricular mass by an anatomically validated 
formula (25, 26). Measurements made according to the recom- 
mendations of the American Society of Echocardiography 
were used to calculate end-diastolic relative wall thickness as 
the ratio of posterior wall thickness to one-half left ventricular 
internal dimension (27). 

The left ventricular mass index was calculated for each pa- 
tient by dividing left ventricular mass by body surface area. 
This index was used to adjust for variations in cardiac size that 
are attributable to differences in body size (17, 28). Because 
this method of indexation might lead to under-recognition of 
obesity-related hypertrophy (29), we did alternative analyses 
using left ventricular mass-to-height ratios. 

We prospectively chose 125 g/m? as a cutoff point to detect 
left ventricular hypertrophy. This value, which identified 
hypertensive men at high cardiovascular risk in a previous 
study (18), corresponds to approximately the 95th percentile of 
left ventricular mass in two normal samples studied in our 
laboratory (28, 30). The same partition value was applied to 
women on the basis of evidence from the Framingham study 
that high-risk status was identified in women and men by 
similar levels of indexed left ventricular mass (19, 20). Patients 
were further categorized on the basis of whether their relative 
wall thickness ratio fell within normal limits (< 0.45) (31). 
Patients with increased ventricular mass were considered to 
have concentric left ventricular hypertrophy if their relative 
wall thickness ratio was elevated (= 0.45) or eccentric hyper- 
trophy if their relative wall thickness ratio was normal. Those 
with normal ventricular mass were considered to have concen- 
tric remodeling if their relative wall thickness ratio was ele- 
vated; they were considered to have normal left ventricular 
geometry if their relative wall thickness ratio was normal (32). 


Statistics 


Computer analyses were done using the BMDP biomedical 
statistical software (BMDP Statistical Software, Berkeley, Cal- 
ifornia) (33). T-tests for continuous variables and the chi- 
square test for dichotomous variables (for example, race, sex) 
were used for univariate comparisons between groups. A step- 
wise logistic regression analysis was done to estimate the in- 
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dependent risk for cardiovascular complications associated 
with age, sex, blood pressure (systolic and diastolic), serum 
cholesterol level, and left ventricular mass. Variables were 
retained in logistic equations only if the P value for removal 
was less than 0.05 and their coefficient to standard error (SE) 
ratio was 2 or more. Life table and Cox proportional hazard 
analyses were used to generate curves of actuarial and pro- 
jected survival among groups of patients; these curves were 
compared using Breslow and Mantel test statistics. Confidence 
intervals (CIs) of 95% were used where appropriate. 


Results 


Detailed follow-up data were obtained for 253 (90%) 
of the patients who met entry criteria. The demographic 
characteristics of these patients are listed in Table 1. 
Left ventricular mass index was at least 125 g/m? in 
31% of the men and 20% of the women. Patients with 
left ventricular hypertrophy were, on average, older and 
had higher blood pressure than did those with normal 
left ventricular mass, but the groups did not differ in 
serum cholesterol level or cigarette smoking. Approxi- 
mately four fifths of both groups received antihyperten- 
sive medication during much or all of the time since 
baseline echocardiography was done. Beta blockers 
were used in 56% of patients; diuretics, in 51%; an- 
giotensin-converting enzyme inhibitors, in 14%; calci- 
um-channel blockers, in 10%; and other classes of 
agents, in 10%. Some overlap between agents resulted 
from multidrug therapy or serial monotherapy. There 
was no important difference in the type of drug used 
between patients with and patients without hypertrophy 
at baseline or between patients with and patients with- 
out morbid events during follow-up. 

The 27 patients who were lost to follow-up differed 
from the patients with longitudinal follow-up: They 
were disproportionately black (26% compared with 8%; 
P < 0.005) and tended to be younger (43 compared with 
47 years of age). The patients who were excluded be- 
cause of technically suboptimal echocardiograms were 


Table 2. Fatal and Total Events during Follow-up 


Freedom from all-cause mortolity 


20 40 
Duration of follow-up (months) 


60 80 100 —s «120 140 


Figure 1. Survival in 280 patients with essential hypertension, 
including 77 patients with left ventricular hypertrophy (4) and 
203 patients without hypertrophy (©) (P < 0.001). Ninety-four 
percent of patients were alive and were observed for at least 
84 months; 60% were observed for 120 months or longer. 


older than the study sample (53 compared with 47 years 
of age; P < 0.05). 

We documented one or more cardiovascular events in 
40 patients (Table 2). There were 15 deaths (6%) in the 
contacted group; 11 deaths were from cardiovascular 
causes. Seven patients who died had nonfatal compli- 
cations before their terminal event occurred. Four ad- 
ditional deaths among the 27 patients lost to follow-up 
were ascertained by National Death Index data. 

Cardiac mortality was strongly concentrated in both 
men (6 of 7 deaths) and women (4 of 4 deaths) with 
increased left ventricular mass index. All cardiovascular 
events were more common in both men (13 of 52 or 
25% compared with IS of .114 or 13%; P = 0.06) and 
women (5 of 17 or 29% compared with 7 of 70 or 10%; 
P = 0.04) with increased ventricular mass. Nonfatal 


Event 


All deaths 
By study data (mn = 253) 
By study data and the Na- 
tional Death Index data 
(n = 280) 

Cardiovascular deaths 
Sudden death 
Cerebrovascular accident 0 
Myocardial infarction 1 
Congestive heart failure 

At least one cardiovascular event 

Total events 
New angina 15 
Myocardial infarction 
Coronary bypass 
Angioplasty 
Congestive heart failure 
Stroke 
Carotid endarterectomy 


4 (2) (0-6) 


8 (4) [1-7] 
1 (1) (0-4) 
0 


-—se Nw 


Left Ventricular Mass Index 
< 125 g/m* 


0 
22 (12) [7-17] 


P Value* 
= 125 g/m? 
n (9%) [95% Cl] 


11 (16) [7-25] 


11 (14) [7-22] 


10 (14) [6-23] < 0.001 
2 


| 
5 


2 
18 (26) (16-36) 


Canaan=~ 


* According to chi-square analysis, 
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cardiovascular events occurred in over twice the pro- 
portion of patients with left ventricular hypertrophy 
compared with those with normal mass, predominately 
because of a higher risk for myocardial infarction and 
for surgical or nonsurgical coronary revascularization 
(1.6 compared with 0.5 events per 100 patient-years 
{P = 0.01] and 1.5 compared with 0.4 events per 100 
patient years [P = 0.01], respectively). The association 
between increased ventricular mass and cardiovascular 
death is stronger (Table 2) than that between increased 
ventricular mass and nonfatal cardiovascular events. 

Electrocardiographic hypertrophy patterns were de- 
tected in only 9 of 38 (24%) patients with events using 
all criteria and in fewer patients using single criteria 
(Sokolow-Lyon [3 patients], Cornell [4 patients], Rom- 
hilt-Estes [6 patients}). Of 192 patients without events, 
34 (18%) had electrocardiographic left ventricular hy- 
pertrophy according to one or more criteria (Sokolow- 
Lyon [27 patients], Cornell [4 patients], Romhilt-Estes 
[11 patients)). 

Life-table analyses showed highly significant differ- 
ences in event-free survival (P = 0.01), cardiovascular 
death (P < 0.001), and total mortality (P < 0.001) be- 
tween patients with and patients without left ventricular 
hypertrophy (Figure 1). These differences persisted af- 
ter adjustment for age using the Cox analysis. Figure 2 
shows projected, age-adjusted, event-free survival for 
our patients with and our patients without left ventric- 
ular hypertrophy. 

Table 3 compares morbid events among subjects di- 
vided according to demographic and biochemical mea- 
sures, showing that older patients and those with higher 
blood pressure and serum cholesterol values were more 
likely to have adverse outcomes. However, in stepwise 
logistic regression analyses, only age and left ventricu- 
lar mass emerged as independent predictors of cardio- 
vascular death, cardiovascular events, or all-cause mor- 
tality (Table 4). Significant univariate relations with 


(age adjusted) 


Probability of event-free survival 


a a a a a ee 


20 40 60 80 100 120 6140 
Duration of follow-up (months) 


Figure 2. Age-adjusted, cardiovascular event-free survival in 
253 patients with essential hypertension, including 69 patients 
with left ventricular hypertrophy (——) and 184 patients with- 
out hypertrophy (---) (P = 0.01). Data are adjusted for age 
using a Cox analysis. Eighty-five percent of the patients were 
event-free and were followed for at least 84 months; 519% were 
event-free and were followed for at least 120 months. 


Table 3. Cardiovascular Events in Relation to Baseline 
Variables 


Variables Patients P Value* 
with Events 
% (95% Cl) 

Age, y 
< 50 7 (3-11) < 0.001 
= 50 26 (18-34) 

Sex 
Men 17 (10-24) > 0.2 
Women 14 (7-21) 

Systolic blood pressure, mm Hg 
< 150 10 (5-15) 0.03 
= 150 24 (16-32) 

Diastolic blood pressure, mm Hg 
< 100 13 (8-18) 0.02 
= 100 25 (14-36) 

Race 
White 17 (12-23) > 0.2 
Black 7 (1-36) 

Cholesterol level, mmol/L (mg/dL) 
< 6.2 (240) 11 (5-16) 0.04 
= 6.2 (240) 20 (14-27) 

Smoking status 
Nonsmokers 17 (11-22) > 0.2 
Smokers 12 (4-27) 

Left ventricular mass index, g/m’ 
< 125 12 (7-17) 0.006 
= 125 26 (16-36) 


* According to chi-square analysis. 


blood pressure levels and cholesterol concentration 
were not noted after age and left ventricular mass were 
entered in logistic equations. Cigarette smoking was not 
a significant predictor of prognosis in either univariate 
or multivariate analyses. Indexing of left ventricular 
mass for height did not alter the results of univariate or 
multivariate analyses. 

Relative wall thickness ratios also provided useful 
prognostic information (Table 5). Patients with normal 
left ventricular architecture had the best prognosis (the 
incidence of cardiovascular events among these patients 
was 11%; there were no cardiac deaths), and those with 
concentric left ventricular hypertrophy had the worst 
prognosis (the incidence of cardiovascular events 
among these patients was 31%; the rate of cardiovascu- 
lar death was 20%). Figure 3 graphically depicts the 
proportions of patients who had cardiovascular events 
and of those who died in each of the four groups. 
Similarly, all-cause mortality, calculated for the total 
series of 280 patients using National Death Index data, 
was lowest in patients with normal ventricular geometry 
(4 of 166 patients or 2%), intermediate in those with 
concentric remodeling (4 of 37 patients or 11%) or ec- 
centric hypertrophy (4 of 43 patients or 9%), and high- 
est in those with concentric hypertrophy (7 of 34 pa- 
tients or 21%) (P = 0.008 by analysis of variance). 
Table 5 also shows events per 100 patient-years for 
each group, taking into account multiple events in indi- 
vidual patients. *‘Hard’’ endpoints (excluding angina) 
were nearly fivefold more frequent in patients with hy- 
pertrophy than in patients with normal cardiac geome- 
try. 
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Discussion 


Recently reported studies have shown that increased 
left ventricular mass detected by echocardiography pre- 
dicts increased cardiovascular morbidity and mortality 
during relatively short-term follow-up (= 4.5 years) of 
men with essential hypertension (18), patients with 
chronic renal failure (34) or coronary artery disease 
(35), and middle-aged and elderly members of the gen- 
eral population (19, 20). Our study's results extend 
these observations by documenting that, in well-charac- 
terized patients with essential hypertension, left ventric- 
ular mass is a strong predictor of prognosis in women 
as well as men; an increased risk for adverse outcomes 
persists over the long term, with no attenuation over 10 
years despite conventional hypertensive treatment of 
most patients; left ventricular mass is a stronger risk 
factor than blood pressure, cigarette smoking, or total 
cholesterol level; left ventricular hypertrophy is a highly 
sensitive predictor of cardiovascular death; and risk can 
be better stratified by considering left ventricular geo- 
metric pattern in addition to considering muscle mass. 

Hypertension, a strong risk factor for cardiovascular 
morbidity, is the most common antecedent of left ven- 
tricular hypertrophy in the general population and the 
most common cardiovascular condition necessitating 
medical management. The 253 patients whom we fol- 
lowed for 10 years had a moderate prevalence of in- 
creased ventricular mass at baseline (27%); a high inci- 
dence of cardiovascular death, myocardial infarction, 
angina, stroke, or congestive heart failure (2.6 events 
per 100 patient-years); and the expected positive rela- 
tion between systolic arterial pressure and morbid 
events. However, the association with each of the three 
measurements of outcome in the study (cardiovascular 
death, all-cause mortality, and total cardiovascular 
events) was consistently weaker for either systolic or 
diastolic blood pressure than for left ventricular mass. 
Further, the inclusion of ventricular mass in multivari- 


ate equations eliminated the prognostic importance that 
we found in univariate analyses for systolic blood pres- 
sure and serum cholesterol level (Table 4). Cardiovas- 
cular risk was similar among men and women when the 
same level of indexed left ventricular mass was used to 
define hypertrophy in both genders. In fact, only left 
ventricular mass and age were independent predictors 
of each outcome measurement; this finding is consistent 
with the conclusion of the Framingham investigators 
(presented without supporting analyses) that ‘‘age was 
the only variable other than left ventricular mass that 
showed consistent and strong relations to the incidence 
of all three outcome events in both sexes" (20). 

Why left ventricular hypertrophy predisposes patients 
to morbid events is incompletely understood, but may 
be related to its role as a variable that both integrates 
various adverse effects on the heart and sensitizes the 
heart to morbid events. Left ventricular hypertrophy 
reflects pressor responses to' normal activity (36) and 
physical exercise (37) as well as effects of nonpressure 
stimuli to cardiac growth, such as obesity (38, 39), high 
salt intake (39, 40), and elevated blood viscosity (41). 
All of these factors are known or suspected to be stim- 
uli to coronary and extracardiac atherosclerosis. Fur- 
ther, in dogs, repeated episodes of transient myocardial 
ischemia may induce hypertrophy (42), and standard- 
ized coronary artery ligation caused myocardial infarc- 
tion more consistently, resulted in larger infarcts, and 
led to a higher incidence of sudden death in animals 
with concentric left ventricular hypertrophy (43, 44). 
These data suggest that hypertensive patients with left 
ventricular hypertrophy are particularly likely to have 
coronary and extracoronary arterial disease and are at a 
disadvantage when coronary artery occlusion occurs. 
Our finding that hypertensive patients with increased 
left ventricular mass were more likely to experience 
cardiac death, myocardial infarction, or coronary syn- 
dromes necessitating coronary revascularization, but 


Table 4. Prediction of Outcome Using Logistic Multivariate Analysis* 


Variables Univariate F Statistic Regression Coefficient 
(P Value) (P Value) 
Cardiovascular death (11 of 253 patients) 
Age 19.9 (< 0.001) —~ 0.22 (< 0.001) 
Cholesterol level 1.3 (> 0.2) NS (> 0.2) 
Systolic blood pressure 9.9 (0.002) NS (> 0.2) 
Diastolic blood pressure 0.1 (> 0.2) NS (> 0.2) 
Sex 0.3 (> 0.2) NS (0.13) 
Left ventricular mass index 37.1 (< 0,001) — 0.034 (< 0.001) 
All-cause mortality (19 of 280 patients) 
20.0 (< 0.001) = 0.10 (< 0.001) 
Cholesterol level 1.3 (> 0.2) NS (> 0.2) 
Systolic blood pressure 6.7 (0.007) NS (> 0.2) 
Diastolic blood pressure 0.2 (> 0.2) NS (> 0.2) 
Sex 0.1 (> 0.2) NS (> 0.2) 
Left ventricular mass index 20.4 (< 0.001) — 0.019 (0.002) 
Nonfatal plus fatal cardiovascular events (40 of 253 patients) 
Age 22.4 (< 0.001) — 0.074 (< 0.001) 
Cholesterol level 5.1 (0.026) NS (> 0.2) 
Systolic blood pressure 11.3 (< 0.001) NS (> 0.2) 
Diastolic blood pressure 3.6 (0.058) NS (0.18) 
Sex 0.4 (> 0.2) NS (> 0.2) 
Left ventricular mass index 14.0 (< 0.001) — 0.013 (0.01) 


* NS = not significant. 
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Table 5. The Relation between Morbid Events and the Pattern of Ventricular Geometry 


Morbid Event ee siRatient Group P Value* 
Normal Concentric Eccentric Concentric 
Geometry Remodeling Hypertrophy Hypertrophy 
(n = 150) (n = 34) (n = 40) (nm = 29) 
Cardiovascular deaths, % 0 3 10 21 < 0.001 
Cardiovascular events, % il 15 23 31 0.03 
All deaths, % 1 6 10 24 < 0.001 
Events per 100 patient-years, n 
All cardiovascular events 1.8 4 7.1 $.2 
Stroke 0.4 0 0.7 1.0 
New angina 0.6 1 1.2 0.7 
All events except for angina 
and stroke 0.6 2.7 $.2 3.4 


* By analysis of variance. 


that they were no more likely than those without hy- 
pertrophy to have the milder clinical presentation of 
new onset angina is consistent with this hypothesis. 

Although the prognostic value of left ventricular mass 
for morbid events was striking, it could be improved by 
more detailed consideration of cardiac geometry (Table 
5 and Figure 3). Patients with concentric hypertrophy 
(increased relative wall thickness and mass) had the 
highest likelihood of dying or having a cardiovascular 
event. Among patients with eccentric hypertrophy (nor- 
mal relative wall thickness despite increased mass), a 
smaller percentage of patients had several, frequently 
nonfatal, morbid events. 

This result is new, but not altogether surprising. Pre- 
vious studies conducted in hypertensive patients have 
shown associations between concentric left ventricular 
hypertrophy and increased peripheral resistance and 
noncoronary vascular disease (45), decreased coronary 
vasodilator reserve (46), and impaired coronary autoreg- 
ulation during lowering of blood pressure (47), all of 
which suggest an enhanced susceptibility to vascular 
events. In contrast, eccentric ventricular hypertrophy 
has been associated most strongly with ventricular ar- 
rhythmias (48) and depressed left ventricular functional 
response to stress (49), which might predispose patients 
to sudden death (50) and congestive heart failure—end- 
points that were uncommon in our study. The increased 
risk in patients with concentric ventricular remodeling 
(a high relative wall thickness ratio without increased 
mass) suggests that this patient group may share patho- 
physiologic abnormalities with the concentric hypertro- 
phy group. 

One notable result of our study was that the excess 
risk associated with increased left ventricular mass at 
baseline persisted for more than 10 years (Figures | and 
2), despite the use of conventional antihypertensive 
treatment in most patients. This outcome, although dis- 
appointing, is consistent with the modest (at best) car- 
diac benefit that was achieved in large treatment trials 
(2-6). Our patients were treated with various agents, 
most commonly beta-blockers and diuretics. No impor- 
tant relation between the type or number of agents used 
and the presence of either ventricular hypertrophy or 
morbid events was noted (P > 0.1). Whether the ad- 
verse prognosis associated with ventricular hypertrophy 
would have been improved by the consistent use of 
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antihypertensive drugs that are thought to benefit the 
heart more (51) is at present unknown. 

The results of our study have striking implications for 
risk stratification in hypertensive patients. Cardiac 


events occurred at an extremely high rate (5.4 per 100 
patient-years) in the 69 (27%) of our patients who had 
increased ventricular mass and at a very low rate (0.6 
per 100 patient-years) over 10 years among the 65 (26%) 
of our patients who had normal ventricular geometry, 


Figure 3. The relation of total mortality (rop) and cardiovascu- 
lar (CV) events (bottom) to patterns of left ventricular (LV) 
geometry in 253 patients with essential hypertension. Mortality 
and event rates are highest in patients with concentric hyper- 
trophy (@), lowest in patients with normal ventricular geome- 
try (0), and intermediate in patients with eccentric hypertro- 
phy (@) and concentric remodeling (0) (P < 0.001 for total 
mortality and P = 0.03 for CV events by analysis of variance). 
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did not smoke, and had cholesterol and diastolic blood 
pressure levels of less than 6.2 mmol/L (240 mg/dL) and 
105 mm Hg, respectively. If standard antihypertensive 
therapy had only a modest effect on outcome in our 
patients, as is suggested by the results of large trials, 
treating the former group intensively and deferring 
treatment or using nonpharmacologic modalities in the 
latter group would be appropriate. Further research is 
needed to determine whether reversal of left ventricular 
hypertrophy with the use of antihypertensive agents 
reduces high risk and whether the low-risk group of 
mildly hypertensive patients with normal ventricular ge- 
ometry and no other cardiovascular risk factors can be 
safely assigned to receive nonpharmacologic therapy. 


Presented in part at the 39th Scientific Session of the American College 
of Cardiology, 20 March 1990, and at the 62nd Scientific Session of the 
American Heart Association, 15 November 1989. 


Acknowledgments: The authors thank Elana Schrader, MD, Andrew 
Koren, and Mark Milner, MD, for technical assistance. 


Grant Support: In part by grant HL 18323 from the National Heart, 
Lung, and Blood Institute, Bethesda, Maryland, 


Requests for Reprints; Richard B. Devereux, MD, Division of Cardiol- 
ogy, Box 222, The New York Hospital-Cornell Medical Center, 525 
East 68th Street, New York, NY 10021. 


Current Author Addresses: Drs. Koren, Devereux, and Laragh: Depart- 
ment of Medicine, The New York Hospital-Cornell Medical Center, 
New York, NY 10021. 

Dr. a Department of Cardiology, Cleveland Clinic, Cleveland, OH 
44195. 


References 


1, Hypertension prevalence and the status of awareness, treatment, 
and control in the United States. Final report of the Subcommittee 
on Definition and Prevalence of the 1984 Joint National Committee, 
Hypertension. 1985;7:457-68. 

2. Hypertension Detection and Follow-up Program Cooperative 
Group. Five-year findings of the hypertension detection and fol- 
low-up program. II. Mortality by race, sex and age. JAMA. 1979; 
242:2572-7. 

3. The Australian therapeutic trial in mild hypertension. Report by the 
Management Committee. Lancet. 1980;1:1261-7. 

4. Medical Research Council Working Party. MRC trial of treatment 
rf = — principal results. Br Med J [Clin Res]. 1985; 

1:97-104. 

5. Cutler JA, MacMahon SW, Furberg CD. Controlled clinical trials of 
drug treatment of hypertension. A review. Hypertension. 1989;13:1 
36-44, 


6. MacMahon SW, Cutler JA, Stamler J. Antihypertensive drug treat- 
ment. Potential, expected, and observed effects on stroke and on 
coronary heart disease. Hypertension. 1989;13:1 45-50. 

7. Sokolow M, Perloff D. The prognosis of essential hypertension 
treated conservatively. Circulation, 1961;23:697-713. 

8. Breslin DJ, Gifford RW Jr, Fairbairn JF 2d. Essential hypertension. 
A twenty-year follow-up study. Circulation. 1966;33:87-97, 

9. Alderman MH. The epidemiology of hypertension: etiology, natural 
wig and the impact of therapy. Cardiovasc Rev Rep. 1980;1: 

19, 

10. Kannel WB, Castelli WP, McNamara PM, McKee PA, Feinieib M. 
Role of blood pressure in the development of congestive heart 
failure. The Framingham study. N Engl J Med. 1972;287:781-7. 

Il. Veterans Administration Cooperative Study Group on antihyperten- 
sive agents. Effects of treatment on morbidity in hypertension. III. 
Influence of age, diastolic blood pressure and prior cardiovascular 
— further analysis of side effects. Circulation, 1972;45:991- 

12. Devereux RB, Phillips MC, Casale PN, Elsenberg RR, Kligfield P. 
Geometric determinants of clectrocardiographic left ventricular hy- 
pertrophy. Circulation. 1983;67:907-11. 

13. Devereux RB, Casale PN, Elsenberg RR, Miller DH, Kligfield P. 
Electrocardiographic detection of left ventricular hypertrophy using 
echocardiographic determination of left ventricular mass as the ref- 
erence standard. Comparison of standard criteria, computer diagno- 
sis and physician interpretation. J Am Coll Cardiol. 1984;3:82-7. 

14, Devereux RB, Casale PN, Wallerson DC, et al. Cost-effectiveness of 
echocardiography and electrocardiography for detection of left ven- 


1 March 1991 + Annals of Internal Medicine + Volume 114 * Number 5 


21. 


22. 


23. 


24. 


27. 


37. 


40. 


tricular hypertrophy in patients with systemic hypertension. Hyper- 
tension. 1987;9:11 69-76. 


. Savage DD, Drayer JI, Henry WL, et al. Echocardiographic assess- 


ment of cardiac anatomy and function in hypertensive subjects. 
Circulation. 1979;59:623-32. 


. Chikos PM, Figky MM, Fisher L. Correlation between chest film 


and angiographic assessment of left ventricular size, AJR, 1977;128: 
367-73. 


. Reichek N, Devereux RB. Left ventricular hypertrophy: relationship 


of anatomic, echocardiographic and electrocardiographic findings. 
Circulation. 198163: 1391-8. 


. Casale PN, Devereux RB, Milner M, et al. Value of echocardio- 


graphic measurement of left ventricular mass in predicting cardio- 
vascular morbid events in hypertensive men. Ann Intern Med. 
1986;105:173-8. 


. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Left 


ventricular mass and incidence of coronary heart disease in an 
elderly cohort. Ann Intern Med. 1989;110:101-7. 


. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prog- 


nostic implications of echocardiographically determined left ventric- 
ular mass in the Framingham Heart Study. N Engl J Med. 1990; 
322; 1561-6. 

Sokolow M, Lyon TP. The ventricular complex in left ventricular 
hypertrophy as obtained by unipolar precordial and limb leads. Am 
Heart J. 1949;37:161-86, 

Casale PN, Devereux RB, Kligfield P, et al. Electrocardiographic 
detection of left ventricular hypertrophy: development and prospec- 
tive validation of improved criteria. J Am Coll Cardiol. 1985;6:572- 
80. 

Romhit DW, Estes EH Jr. A point-score system for the ECG 
diagnosis of left ventricular hypertrophy. Am Heart J. 1968;75: 
752-8. 

Devereux RB, Liebson PR, Horan HJ. Recommendations concerning 
use of echocardiography in hypertension and general population 
research. Hypertension, 1987:9:11 97-104. 


. Devereux RB, Reichek N. Echocardiographic determination of left 


ventricular mass in man. Anatomic validation of the method. Cir- 
culation. 1977;55:613-8. 


. Devereux RB, Alonso DR, Lutas EM, et al. Echocardiographic as- 


sessment of left ventricular hypertrophy: comparison to necropsy 
findings. Am J Cardiol. 1986;57:450-8. 

Reichek N, Devereux RB. Reliable estimation of peak left ventricular 
systolic pressure by M-mode echographic-determined end-diastolic 
relative wall thickness: identification of severe valvular aortic ste- 
nosis in adult patients. Am Heart J. 1982;103:202-3. 


. Devereux RB, Lutas EM, Casale PN, et al. Standardization of 


M-mode echocardiographic left ventricular anatomic measurements. 
J Am Coll Cardiol. 1984;4:1222-30. 


. Levy D, Savage DD, Garrison RJ, Anderson KM, Kannel WB, Cas- 


telli WP. Echocardiographic criteria for left ventricular hypertrophy: 
the Framingham Study. Am J Cardiol, 1987;:59;956-60. 

Hammond IW, Devereux RB, Alderman MH, et al. The prevalence 
of and correlates of echocardiographic left ventricular hypertrophy 
among employed patients with uncomplicated hypertension. J Am 
Coll Cardiol. 1986;7:639-50. 


. Savage DD, Garrison RJ, Kannel WB, et al. The spectrum of left 


ventricular hypertrophy in a general population sample: the 
Framingham Study. Circulation, 1987;75;126-33. 


. Ganau A, Devereux RB, Roman MJ, et al. Concentric remodeling of 


the left ventricle in hypertensive patients with normal ventricular 
mass [Abstract]. J Am Coll Cardiol. 1989;13:245A, 


. Dixon WJ, ed. BMDP Statistical Software. Berkeley, California: 


University of California Press; 1988. 


. Silberberg JS, Barre PE, Prichard SS, Sniderman AD. Impact of left 


ventricular hypertrophy on survival in end-stage renal disease, Kid- 
ney Int. 1989;36:286-90. 


. Cooper RS, Simmons BE, Castaner A, Santhanam V, Ghali J, Mar 


M. Left ventricular hypertrophy is associated with worse survival 
independent of ventricular function and number of coronary arteries 
severely narrowed, Am J Cardiol. 1990;65:441-5. 


. Devereux RB, Pickering TG, Harshfield GA, et al, Left ventricular 


hypertrophy in patients with hypertension: im of blood 
pressure response to regularly recurring stress. Circulation. 1983; 
68:470-6. 

Ren JF, Hakki AH, Kotler MN, Iskandrian A. Exercise systolic blood 
pressure: a powerful determinant of increased left ventricular mass in 
patients with hypertension. J Am Coll Cardiol. 1985;5:1224-31. 


. Messerli FH, Sundgaard-Riise K, Reisen ED, et al. Dimorphic car- 


diac adaptation to obesity and arterial hypertension. Ann Intern 
Med. 1983;99:757-61. 


. Hammond IW, Devereux RB, Alderman MH, Laragh JH. Relation of 


blood pressure and body build to left ventricular mass in normoten- 
sive and hypertensive employed adults. J Am Coll Cardiol. 1988; 
12:996- 1004. 

Schmieder RE, Messerli FH, Garavaglia GE, Nunez BD. Dictary salt 


351 


Downloaded From: http://annals.org/ by a University of California San Diego User on 12/12/2016 


4. 


45. 


352 


imake. A determinant of cardiac involvement in essential hyperten- 
sion. Circulation. 1988;78:951-6. 

Devereux RB, Drayer JI, Chien S, et al. Whole blood viscosity as a 
determinant of cardiac hypertrophy in systemic hypertension. Am J 
Cardiol, 1984;54:592-5. 


- Fujita M, Mikunlya A, McKown DP, McKown MD, Franklin D. 


Regional myocardial volume alterations induced by brief repeated 
coronary occlusion in conscious dogs. J Am Coll Cardiol. 1988;12: 
1048-53. 


. Koyanagi S, Eastham CL, Harrison DG, Marcus ML. Increased size 


of myocardial infarction in dogs with chronic hypertension and left 
ventricular hypertrophy. Circ Res. 1982;50:55-62. 


. Koyanagi S, Eastham CL, Marcus ML. Effects of chronic hyperten- 


sion and left ventricular hypertrophy on the incidence of sudden 
cardiac death after coronary artery occlusion in conscious dogs. 
Circulation. 1982;65: 1192-7. 

Blake J, Devereux RB, Herrold EM, et al. Relation of concentric left 
ventricular hypertrophy and extracardiac target organ damage to 
supranormal left ventricular performance in established essential 
hypertension. Am J Cardiol. 1988;62:246-52. 


. Houghton JL, Frank MJ, Carr AA, von Dohien TW, Prisant LM. 


SI. 


Relations among impaired coronary flow reserve, left ventricular 
hypertrophy and thallium perfusion defects in hypertensive patients 
with obstructive coronary artery disease. J] Am Coll Cardiol, 1990; 
15:43-51. 


MD. Coronary : i 
ventricular mass [Abstract]. J Am Coll Cardiol. 1990;15:111A. 


. Levy D, Anderson KM, Pichn J, Savage DD, Christiansen JC, Cas- 


jiographically determined left ventricular struc- 
tural and functional correlates of complex or frequent ventricular 
arrhythmias on one-hour ambulatory electrocardiographic monitor- 
ing. Am J Cardiol. 1987;59:836-40. 


. Blake J, Devereux RB, Borer JS, Srule M, Pappas TW, Laragh JH. 


Relation of obesity, high sodium intake, and eccentric left ventric- 
ular hypertrophy to left ventricular exercise dysfunction in essential 
hypertension. Am J Med. 1990-:88:477-85. 


. Messerli FH, Ventura HO, Elizardi DJ, Dunn FG, Frolich ED. Hy- 


pertension and sudden death. Increased ventricular activity 
in left ventricular hypertrophy. Am J Med. 1984;77:18-22. 
Messerli FH. Antihypertensive therapy—going to the heart of the 
matter. Circulation. 1990;81:1128-35. 


1 March 1991 + Annals of Internal Medicine * Volume 114 *« Number 5 


Downloaded From: http://annals.org/ by a University of California San Diego User on 12/12/2016 


